The GINI Coefficient and Segregation on a Continuous Variable
BACKGROUND
Segregation is not only a social issue but also an economic issue that is closely related to the economic inequality and development. However, the issue has not received much attention in the literature. One of the reasons, we believe, is that there are few measures of segregation for economic variables such as income, since segregation measures are mainly developed for dichotomous variables such as the gender gap in occupations (Deutsch et al. 1994; Fluckiger and Silber 1990) and Black/White segregation (Carrington and Troske 1998; Duncan and Duncan 1955) . A typical approach for a continuous variable has been to divide the continuous variable into two or more discrete categories, and then employ the traditional group-based measures (Massey and Eggers 1991) . This approach has been criticized for discarding information and for potentially confounding changes in the underlying parameters of the continuous variable's distribution with changes in segregation (Jargowsky 1996) . The Neighborhood Sorting Index (NSI), a version of eta squared, has been used to measure income segregation (Jargowsky 1996) . However, without comparable measures, the performance of NSI has not been examined. This note aims to provide a valid measure of segregation for continuous variables based on the Gini coefficient.
From a measurement perspective, segregation is by definition a way of grouping units, whereas inequality is not. Segregation concerns the allocation of primary units with different levels of a characteristic, e.g. persons of different races or households of different incomes, among the subgroups of a larger group, e.g. neighborhoods within a metropolitan area. Inequality, in contrast, examines the distribution of a characteristic of the primary units within a given group, with no regard for the membership of those units to subgroups.
The GINI coefficient (G) is a common measure of income inequality (Gini 1912 (Gini , 1921 . It has also been employed as a measure of segregation, although in that context, its use has generally been limited to dichotomous groups (Silber 1989; James and Taueber 1985; Massey and Denton 1988) . 1 We show how a modified version of the Gini Coefficient can be used as a segregation measure for continuous variables, a task for which there are few alternative measures (White 1986 ). To measure segregation along a continuous dimension, we modify G based on the idea of Jahn, Schmid and Schrag (1947) and compare it to NSI. In this note, we use household income as an example, but the argument is applicable to any continuous variable.
THE GEOMETRY OF THE INDEX
As shown in Figure 1 , the Lorenz curve relates the cumulative percentage of total household income, sorted from lowest to highest income, as a function of the cumulative percent of total households (Lorenz 1905) . The Gini Coefficient of Income Inequality is defined as the area between the Lorenz curve and the line of equality, divided by the total area under the line of the equality. In Figure 1 , assume that L i is a Lorenz curve based 1 These measures have been extended to handle multiple racial and ethnic categories (James 1986; Morgan 1975; Reardon and Firebaugh 2002; Sakoda 1981; Silber 1989 
The Gini Coefficient of Neighborhood Inequality (G n ) with L n is calculated in an analogous manner to G i :
G n is conceptually inappropriate as a measure of segregation, because it simply measures the inequality of groups without conveying any information on how the distribution changes when individual units are aggregated into groups while segregation is the degree of group separation given the distribution of individual units. 
Maximum segregation, given the existing income distribution, is indicated by G s being equal to one, and minimum segregation, by zero. G s is a general form of the GINI segregation index that includes binary and continuous variable cases as shown in the next section.
FORMULATION
Literature on the decomposition of Gini provides various computation methods for G i and G n (Mussard 2004; Pyatt 1976; Silber 1989; Yao 1999) . Following the geometrical definition in Figure 1 , and the area calculation method shown in Figure 2 ,
where Y i and H i are, respectively, cumulative percentages of income and number of households at the i th household ranked in ascending order by household income from one to N. G n is calculated in an analogous manner, ranking the households in ascending order by mean neighborhood income. Then, given H i -H i-1 = 1/N,
In (6), Y ni is the cumulative percentage of average household income of the neighborhood in which the i th household resides. Formula, (6) is a general form applicable to both binary and continuous variable cases. Extending Anand (1983) , (6) can be also expressed in the form of mean difference Gini as follows. 
where y i is the income of the i th households, y ni is the average household income of the neighborhood in which the y i household resides, and m is the overall mean income.
To see the applicability of (6) and (7) 
where the proportion of Black in the i th household's neighborhood, y ni , is replaced with P ni for the consistency of terminology. (8) is the formula frequently used in the literature for binary segregation cases. Thus, it is clear that (6) and (7) are general forms of the Gini segregation index that include binary cases.
We will contrast G s with the Neighborhood Sorting Index (NSI), which is based on the idea that there is a distribution of individual household incomes and a distribution of neighborhood mean incomes. To the extent that individuals of different incomes reside in neighborhoods together, the dispersion of neighborhood income will be less than the dispersion of household income (Jargowsky 1996) . Thus, the NSI may be expressed as: 
EMPIRICAL APPLICATION
For the purpose of illustration, we use the 5-percent Public Use Microdata Sample (PUMS) from the 2000 U.S. Census (Ruggles 2004) . The data is a 5 percent sample of all U.S. households, a subset of the households that completed the 2000 Census "long form" survey. Two levels of geography are employed: 1) the 25 largest U.S.
metropolitan areas, and 2) Public Use Microdata Areas (PUMAs), which function as neighborhoods in this analysis. 4 We exclude households in non-metropolitan areas. Table 1 shows the number of PUMAs, number of sample households, weighted number of total households, and mean household income for the 25 largest metropolitan areas. Figure 3 shows the near perfect correspondence between the NSI and the G s in the sample of 25 metropolitan areas. The Pearsonian correlation coefficient is 0.9771, and it is highly significant. Clearly, these measures are tapping into a common underlying phenomenon. However, the NSI, as a function of squared deviations, is known to give greater weight to higher incomes than GINI, which does not overweight any segment of 4 PUMAs are bigger than census tracts, which more frequently served as neighborhood proxies (White 1987) . The 25 largest metropolitan areas contain 693 PUMAs. A few PUMAs on the fringes of metropolitan areas including territory in neighboring metropolitan areas or non-metropolitan areas, and thus did not have a metropolitan area code. These PUMAs and the households they contain were excluded from the analysis. The average PUMA size was 50,000 households (weighted), based on an average sample size of 2,250.
the distribution (James and Taueber 1985; White 1986 ). This may be considered an advantage in certain applications, particularly those involving smaller, more heterogeneous neighborhood units. However, the optimal weighting depends on the researcher's implicit social welfare function (Atkinson 1970; Dalton 1920 ).
In the absence of individual-level data, both measures present a challenge to researchers. In the case of NSI, the total household variance must be estimated from the aggregated data (Jargowsky 1995: Appendix A) . In the case of G s , a distribution of the individual household incomes must be assumed. In a highly skewed distribution, as is typical for income, the variance may be more difficult to estimate accurately than the mean, because of the higher penalty for misestimating the incomes and deviations in the open-ended top bracket. This is an advantage for the Gini approach.
CONCLUSION
The Gini Index of Neighborhood Inequality, G n , the application of the Gini Index to neighborhood-level income, is not a measure of economic segregation. Rather it is a mixture of information about the inequality of the income distribution and the ameliorative effects of neighborhood heterogeneity. Normalizing the neighborhood-level Gini by the individual-level Gini provides a measure of segregation, and provides an alternative measure of economic segregation that may be easier to estimate in many cases than the Neighborhood Sorting Index. In our application to household income in U.S. metropolitan areas, the two measures were highly correlated across 25 metropolitan areas.
In general, the Gini Index of Segregation may be used with either continuous or dichotomous variables. 
